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Introduction:  Aeolian dune fields form some of the 

most striking patterns on Earth and other planetary surfaces.  
These patterns are thought to evolve through self-
organization [1,2,3].  Self-organization refers to the sponta-
neous emergence of a pattern from a non-pattern state as a 
result of interactions between the elements of the system.  In 
aeolian dune fields, the pattern is the result of the interac-
tions between the dunes themselves and is largely decoupled 
from the smaller scale processes such as grain/fluid interac-
tions.  This hypothesis offers an approach to understanding 
dune-field pattern evolution which translates across dramati-
cally different settings including subaqueous environments 
and different planetary surfaces.   

On Earth, aeolian dune-field patterns form and persist on 
landscapes for over thousands of years and record important 
climatic and basinal events.  Extracting this information 
requires an understanding of how large-scale dune-fields 
evolve through time and respond to environmental boundary 
conditions.  Within the self-organization approach, crest 
spacing, crest length and defect density (number of defect 
pairs per unit crest length) are time dependent variables that 
characterize the dune-field pattern [4].  Spacing and crest 
length increases and defect density decreases through time 
owing to dune-dune interactions [5]. Boundary conditions, 
such as wind regime, influence dune-dune interactions, 
which in turn, affect the pattern formation and account for 
the diversity seen in aeolian dune-field patterns [6,7]. 

Recognizing the time-dependence of the pattern evolu-
tion and the influence of boundary conditions suggests that 
aeolian dune-field patterns can be used to interpret the cli-
matic and geomorphic histories of dune fields.  Essentially, 
spacing, crest length, and defect density reflect the construc-
tional age of the pattern and the arrangement reflects the 
climatic and basinal conditions under which the pattern 
formed.  Simple pattern analysis studies using aerial and 
satellite imagery and GIS have demonstrated that pattern 
variables can be statistically quantified and the dune-field 
patterns decomposed to provide robust interpretations of a 
dune field’s evolution [8,9,10].  Absent from these studies, 
however, is the statistical quantification of the three-
dimensional dune-field pattern components.   

This study characterizes the three-dimensional dune pa-
rameters and morphological dynamics of the White Sands 
Dune Field at White Sands National Monument in New 
Mexico.  In doing so, this research addresses how dune-dune 
interactions are coupled to boundary conditions to influence 
the field-scale pattern formation.   

Methods:  Airborne LiDAR was collected over a 
40sqkm area in the core of White Sands.  The data have a 
vertical accuracy of ~ 6 to 10 cm and were gridded to a 1 
meter spatial resolution DEM.  In order to extract the three-
dimensional dune parameters the dune surface was first de-
trended from the underlying topography using an algorithm 
developed in Matlab.  To characterize the underlying sur-
face, the algorithm searches for the local minima in the 
downwind  directions then creates a surface based on these 
points (Fig. 1).  The surface was subsequently smoothed in 
the across-field direction  The original DEM was then sub-
tracted from the extracted surface to generate a de-trended 
dune surface.   

The three-dimensional dune and dune-field pattern pa-
rameters were measured from the de-trended dune surface 
using Matlab and ArcGIS. These parameters include: (1) 
dune volumes and surface area, (2) crestline lengths, spacing, 
elevations, and sinuosity, (3) the slope and curvature of the 
stoss and lee slopes, and (4) size and shape of interdune ar-
eas.  All parameters were calculated for individual dunes and 
the distributions characterized over the entire dune field.  
Dunes were separated from interdune areas based on the 
change in slope at 2.5 degrees.  Volumes and surface area 
were calculated from ArcGIS.  Crest lines were extracted 
using an automated algorithm developed in Matlab in which 
the local maxima were picked in the down wind and across 
field directions, and manually from visual inspection.  Slopes 
and curvature were calculated using ArcGIS. 

Results:  Results indicate a strong control on dune form 
and field-scale pattern by changes in the field boundary con-
ditions. The topography of the underlying surface reveals the 
presence of two previously unrecognized shorelines of Pa-
leo-lake Otero (Fig. 1).  Water-table heights related to this 
antecedent topography control local changes in sediment 
supply, which, in turn influences the nature of the dune 
slopes, crestline lengths, crest spacing, and interdune area 
(Fig. 2).  The water table is perched at its highest between 
the two paleo shorelines and lies very near the surface at the 
core of the dune field.  The presence of the high water table 
reduces sediment flux as sediment is accumulated in the 
interdune areas.  Dunes in this area have more rounded 
crests, more continuous crestlines, more widely spaced 
crests, and wider interdune areas.  At the change in slope of 
each shoreline the dunes are have sharper crests, more de-
fects, more narrowly spaced crests, and minimal interdune 
areas. 

Conclusions:  Overall, the boundary condition of ante-
cedent topography imposes the strongest control on the 
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dune-field pattern evolution at White Sands National Monu-
ment.  Extracting the three-dimensional parameters of the 
dunes and dune-pattern reveals the significance of this con-
trol and emphasizes the importance of recognizing boundary 
conditions in interpreting dune-field evolution.  Comparison 
of these static data with subsequent surveys will show the 
dynamic response of dunes to the boundary conditions.  
Changes in the location and magnitude of dune deformation 
on a seasonal and annual time scale, as well as, dune migra-
tion rates and dune-dune interactions will be determined with 
new surveys. 
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Figure 1. MATLAB curve fitting through interdune 
troughs to show the substrate upon which the dunes are 
developed. The lowermost hint of a terrace is the L1 
shoreline of Langford (2003, Quaternary International 104: 
31-39). Higher elevation breaks in slope (arrows) probably 
represent earlier shorelines and terrace development. 

Figure  2.  Area shown covers the airborne LiDAR 
survey of White Sands Dune Field.  The image is a 
hillshade of the 1 m DEM overlain on the extracted 
underlying topographic surface.  Cold colors are 
lower in elevation.  Dunes are migrating to the north-
east. Dashed lines indicate slope changes interpreted 
as paleo shorelines and correspond to arrows in Fig. 1.  
The solid line corresponds to the L1 shoreline indi-
cated in Fig. 1.  The arrow points to the deflated in-
terdune areas between shorelines.   
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